The degradation pattern of soil applied insecticides was studied in the field during main (April -June) and autumn (July -September) seasons. Samples were collected from potato field treated with carbofuran (1.0 kg a.i./ha), quinalphos (1.25 kg a.i./ha) and phorate (2.5 kg a.i./ha),the commonly used insecticides to combat the major soil pests like cutworms Agrotis ipsilon (Hfn), white grubs Holotrichia sp., tuber moth Pthorimaea operculella(Zeller) and golden cyst nematode Globodera rostochinensis (Wollenweber). The rate of initial dissipation in carbofuran was 32.0 per cent in first 15 days of application in main season and up to 51.4 per cent at 30 days of application in autumn. A 70.0 per cent reduction in the initial deposit was observed for quinalphos residues up to 30 days in both seasons. The initial loss is more in phorate which declined to an extent of >80.0 per cent on day 15 in both seasons. For all the three insecticides studied the residues reached below detectable limit on 90 days after application. The respective half life values for carbofuran, quinalphos and phorate were 15.06, 14.14 and 6.99 during main season and 15.97, 12.67 and 14.17 days during autumn seasons. The degradation pattern followed first order kinetics for all three insecticides applied during both season.
Residue analysis
The procedure described by Leppert et al. (1983) was followed for extracting carbofuran residues. The residues were subjected to derivatisation as per Cook et al. (1977) using 1 per cent 1fluoro 2,4-dinitrobenzene (FDNB) reactant solution for final determination. Quinalphos and phorate residues were extracted from twenty gram of soil mixed with 10% acetone in distilled water using a mechanical shaker. The aqueous extract was partitioned with dichloromethane and eluted using 1:1 mixture of hexane: dichloromethane for quinalphos residues and 2:1 mixture of acetone: dichloromethane for phorate residues. The residues were dissolved in hexane for final determination. Fenvalerate residues were extracted by adopting the one step extraction cum cleanup method detailed by Agnihotri et al. (1986) .
Statistical analysis:
The insecticide degradation pattern was analysed by applying seven different functions as suggested by Hoskins (1961) and Timme et al. (1986) . The pesticide decay curves were fixed based on the procedure described by Regupathy and Dhamu (2001) and half-lives and best-fit degradation models were arrived at.
Results :
Level of Residues Soil application of carbofuran @ 1.0 kg a.i. /ha during main season (March to June) has resulted in 0.465 µg/g residues as initial deposit which dissipated to an extent of 32.0 per cent in first 15 days of application (Table 1) . More than 90 per cent of the applied insecticide dissipated after 60 days and further decline was slow.
The initial deposit of 0.407 µg/g was observed in the field sample collected during autumn season. A similar trend of slow degradation was observed from 60 days as in main season trial (Fig.1) .
The quinalphos residues detected on '0' day of application was 0.432 and 0.414 µg/g during main and autumn seasons, respectively. The initial rate of dissipation was more and 70 per cent reduction was observed up to 30 days in both seasons(Table1). The phorate applied @ 2.5 kg a.i. /ha has resulted in 0.939 and 0.885 µg/g of residues as initial deposit. The residues declined to an extent of 81.4 and 84.6 per cent on day 15 of application.
For all the three insecticides studied the residues reached below detectable limit 90 days after application. The rate of initial dissipation was comparatively slow in carbofuran and quinalphos (< 50%) than in phorate(> 80%).
Linearisation of data
The degradation behaviour was studied by linearisation of data using seven types of functions and the decay curve with best fit was selected based on values of modified r 2 ( Table  2) .
The 'r' values were significant at 5 per cent level for all seven transformations tested for the residue data of carbofuran. Based on modified r 2 value (0.8595), inverse power law function was found to be the best fit during main season trial (Table 2 ). Since the half-life value was low (1.5 days) the first order function was selected as the next best fit. The degradation pattern followed was first order function in autumn season (Fig.1) . The best fit obtained for this season was first order with modified r 2 value of 0.7813 (Table 3 ). The half-life was 15.06 days during main season and 15.97 days during autumn season (Table 4) .
The degradation behaviour of quinalphos followed first order function during both seasons (Fig.1) . The correlation co-efficient (r) was significant at 5 per cent level for all the transformations during autumn season trial. The 'r' values close to unity in first order function indicates its relative fitness (Tables 2 and 3 ).The calculated half lives were 14.14 and 12.67 days for quinalphos residues during main and autumn season, respectively (Table 4) .
The dissipation pattern of phorate followed first order function during main season. The 'r' values were significant for all the functions during both seasons studied. Root function first order was the best fit obtained for the residue data of autumn season trial with a half life of 1.72 days. An outlier test was applied and first order function was found to be the best fit. The halflife values (T 0.5 ) for main and autumn season were 6.9 and 14.17 days, respectively (Table 4) .
Discussion:
In the field, respective per cent dissipation observed for carbofuran, quinalphos and phorate was >50, >70 and >80 during first 30 days of application during main and autumn seasons. The residues of all insecticides reached below detectable level on day 90 of application. Similar declining trend of low level of residues on days 40 to 70 days of treatment for carbofuran and phorate residues was reported by Panda et al., (1988) and Singh and Singh (1997) . Chandrasekaran and Regupathy, (1993) reported that the first order kinetic degradation pattern of carbosulfan in various types of soil with the half-life from 8.8 to 17.5 days. In consistency with the persistence studies conducted by Rajukannu et al. (1989) degradation in case of carbofuran was slow when compared to phorate. The half-life value of phorate applied @ 1.0, 2.0 and 4.0 kg a.i/ha in groundnut field was found to vary between 10-12 days (Singh and Singh, 1997) .
Among the chemicals studied phorate is classified as systemic in nature while others are contact insecticide (EPA, 1984) . This systemic activity of phorate favour high initial absorption by plants and translocation from soil to plant. This might also be a reason for decreased half-life of phorate as reported by Singh and Singh (1997) . Depending upon the dose applied also influence the persistence of phorate and carbofuran residues (Rajukannu et al., 1989; Balwinder Singh and Kalra, 1989) .
In the present study, no discussable seasonal variation in T 0.5 of carbofuran was observed. There was some marginal difference in T 0.5 of quinalphos. However the T 0.5 of phorate varied significantly with seasons. The T 0.5 was low during main season and variation in half-life is attributed to temperature and rainfall during cropping period. The main season in the Nilgiris is characterized by high mean maximum temperature ranging from 24.8 to 26.4°C while that of autumn is 21.92 to 23.1°C. In the autumn season dominant climatic factor is rainfall. The mean rainfall is 566 mm during autumn and the main season receives about 354 mm (SSLOU, 1998) . In case of phorate increased degradation was observed under high temperature (Grant et al., 1969) .
The results of the study showed pronounced degradation of insecticides in the early period, up to 15 days in both the seasons. Initial loss by volatilisation upto 25% within one hour was observed in earlier study when labeled thimet was applied to soil (Getzin and Shanks, 1970) . In addition, soil applied phorate undergoes oxidation and hydrolytic degradation (Getzin and Shanks, 1970 ) and the decomposition is favoured by temperature (Grant et al., 1969) .
The general pattern of initial phase dominated by fast dissipation has been attributed to surface loss (run off, volatilisation and photo degradation). The initial disappearance from the site, though not actual dissipation but is by runoff and leaching. Fast dissipation was reported in many of soil applied insecticides like monocrotophos and chlorpyriphos (Laabs et al., 2002) , carbofuran (Lalitha Anand and Awasthi,1987; Gangwar et al.,2000) . In quinalphos type of formulation was found to contribute to initial loss (Gajbhiye et al., 1995) .
The other factors favouring insecticide degradation are soil micro flora, pH and the organic matter content of the soil. Pesticide tolerant strains of Bacillus sp., Streptomyces sp. and Pseudomonas sp. were isolated from the soil samples collected in the Nilgiris district and were found to tolerate high level of carbofuran and phorate (Karthikeyan, 1992) .The bacterial and actinomycete populations were favoured by the pH (6.2) and high organic carbon content (4.04%) of the soil in the field where the experiment was conducted (Oblisami et al., 1979; Mathur et al., 1980; Karthikeyan, 1992) . 
